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e — Topological cluster scenario in brief

e — Event-per-event fluctuations of my
slopes due to clustering

e — fluctuations of v9 due to cluster-
ing |

e — Filamentation?
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New “explosive” scenario in brief

— Non-perturbative tunneling in the QCD vacuum
are described by instantons, paths under a barrier

— Parton collisions at the semi-hard scale, M =2 —
3GeV, perturb instantons with certain probablity,
and those absorb a non-zero energy

— This energy eventually appears in form of spe-
cific gluomagnetic objects I would call the Turning
States (generalizing sphalerons of electroweak the-

ory)

— Those are found to be very explosive (early extra
push). They decay into a spherical expanding shell
of field which eventually becomes ~ 3 gluons plus
uuddss (early entropy/QGP composition)

— Many (up to 70 per unit y) are produced in (cen-
tral) AuAu but during the first fm/c: the field is
not random (like in McL-V model)
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— Jets fly through those spherical shells and get
a kick from its coherent field, with rather large
probablity. (jet quenching)



Event-by-event Fluctuations of the Radial Flow

E.Shuryak- HOW QUANTUNI N ECHANICS OF
THE YANG-NMILLS FIELDS NAY HELP US UN-

DERSTAND THE RHIC PUZZLES. hep-ph /0205031
also CEAN werlchop 200)

e — Cluster production induce event-by-event fluctua-
tions because their number is significantly smaller
dvpy than the number of particles. MNopyes << /\/”, helie
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e — expect the particle density at mid-rapidity of
RHIC AuAu central collisions to fluctuate by about
by 0.05.

e —The next step is to estimate the expected fluctu-
ations in hydro expansion velocity:

ov;  0dN/dy Olog(vy)
ve  dN/dy gog(dN/dy)
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e —The so called m; slopes, or effective temperatures
Tsi0pe, contains vr via the so called blue shift factor
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Tslo'pe/ T;true = 1 Ut (3)
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5Tslope . 5'Ut ( 4)
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about 0.01 in central AuAu collisions. A relative
increase in fluctuation in STAR relative to NA49 is
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indeed of the magnitude corresponding to about 1
per cent “slope fluctuations” for the central heavy

ion collisions. _» map vn (o, '32 P(PT, ",\' )

e — Further test: Trainor plot - two-body correla-
tion. Slope fluctuation produce positive correla-
tion when two trasnverse momenta are either both
small or both large, but a negative one if one mo-
mentum is large and one small.
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Stanistaw Mroéwczynski+ES, in progress

e —Motivation: sheds more light on the system dy-
namics at an early stage.

e —Experimental motivation: v, is always determined
e-by-e

e — One must carefully distinguish single-particle from

multi-particle or event distributions. The ellip-
tic flow averaged over a whole sample of events
is (vy) while 7, is inside the event. (v2) = 73 but
(V3) # v3 = 1/2 + 1y/2.

The—e-;vent-by-event fluctuations of the elliptic flow
are given as

Var(vg) = (0v2)” = (v3) — (v2)” . (5)
| e — Statistical Noise (¥ c'ma//tzud’“f ﬂ“/"L‘w’f}
1
=0, () =g )

Consequently, Var(vys) = 1/2N. N is the detected
multiplicity
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e —Fluctuations of v, due to topological cluster for-
mation The number of clusters as a.function of N,
can be desribed as a power dependence
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Nclust(Np> = Nclust(N;nax)(
with the power a which ideally (for hard collisions)
would be 4/3 but in reality is somewhat closer to
1.1-1.2.

The next step is simple, and is quite analogous to
the estimate of the e-by-e fluctuation of the radial

flow. Lotlow s v
dvy  0dN/dy _ Olog(ve)
vy  dN/dy *Ful Fr = Olog(dN/dy) (8)

drivet
The first stochastic factor is the relative multiplicity

fluctuation which drives the fluctuations, while the
second dynamical factor P, shows how a change in
entropy transfers into vs;. P, is obviously different
for various secondary hadrons h which can be used
to test the idea further. e




WERLLE T 2 JFTY S VY URRTYYS
m e jon op NN |

1009020/ X9-ghn

‘[op]sa1810us wreaq quaseyIp 107 83t
W[ Slwreu£poIpAy 33 2)edIpUl SPURY PIPRYS [RIUOZLIOY SY T,
ip/NPST'1 = Ap/Np Jwnsse am puv ‘sjuemumd I9pIo-yip
© paseq moy ondfe pajdaliod reuy ayj 03 puodseliod pue
ARD 0ET = NNs/ je oIe sjuswemsesm Yy IS 9L ‘swApeue
\OpJ [PUOIUIAUOD £q paureIqo URq 3ArY vIRp §JS PUR SHY
Y1 (#1938) OIHY % YV.LS Pue ($3PI0) §4S 993 1% 6FYN
(soxenbs) SOV ayy e 4497 woly axe wje( ‘SuoIsod Ny +
Y Ul L31suap dpired padreyp jo uonouny v se 3/ 7z "HIJ

(,.w}) s/1 Ap/Np
0 S 02 SL OL §
_—u_-_._-___~—_——_—-_-___-\-I—

i HYLS X% ]

m 6¥yN O ]

- 2830 ]

- 1’0

T o

: Jsto

[ g, b0

i ., 20 ( §

, T A

- 4 N

B 111 1111 _ 1111 _ 1111 _ L1 1l _ ] _I.mN-Q n#

AAN

4 Sy () SUOLPULY JL0YZIRY Pur §OY JUSI3YIp 10f SUO
1 jo Za moy ondie peeadagur ay) smoys (e) ‘wjg = q
! uomsIed qdqqd © ul Ayprdnmu [ej0) Yy Jo uorduny w

! salijuenb pajeper sy aoys (0)-(v) spueq  pz O
Ap/®Np OlHY $ds
008 009 NpOy  \00¢
. A
; Y
$0'0-
Ny
®
0 =
T,
[*]
. 4 3 ]
: L

Kuo osphy ..:w.?

QWOU+OIPAH =HY -+ ]
AOW 0211 0IpAH * ]
Auo oapAH gH1-=- ]
QWOU+OIPAH SHY - 1
e e S i
T
KJUQ 0IPAH o) ~o-
QWOM+0IPAH =HV—— z0'0
AW 0T1w'L 0IphY »
AIuO 04pAH SH1 -=- <
QWOU+0IPAH gH = —
t00 2
o
)
=3
&
$0°'0
i _w $0°0
YT Yy T T T
T T , 1 100
wRq HYLS+6YONG I
S03 DY -»- ~120'0
NG 0Z1=L OIpAR-*— w ]
§03 =H1-- o o
SOI SIHT-+ g/ Jeoo m
tﬂf S03 gH e . o
S o
PR ¢ a.»,. i w
uuuuuuu . ~vo'o =~
A ]
.................... .\L\\\m\ Jsoo

K +oPh

# 520113/ Mp- v
rohaniQ Joun] ' Ravvo|

_ 0 aoms +o
0> %318 49 O YTy

2 ot & ~\.<

a

Gl

e

INLL1H o
INON

J e

3
«d

3nd g9d 4o ¢ 1weng
mask ppim T - wodpnpg

rm: eaa Q0!

\‘l{i ) L

53¥1)

31
\.\%

253

o1 |
1 TJeo-
P
(L 9
S |50

4l s2.~>

ag71 R gEwe 53



e — Combining expressions above, we put the reult-

ing expression in the following form
(__OcSQ ] ’/l [2

VaNov, 1 _ [ 2N(Npes) + 7 N o
N (Nmaz) fclust h(Nmaa:) 9
clust N{wot dret 12 ,l(a/l/ (07

where we have mulitiplied all by v2N and in the
l.Lh.s. subtracted the statistical noise. Note that
a combination N foust/Neust = Np/e = 9 is number of
partons per cluster.

(%)

The magnitude of P, can be rather reliable calcu-

lated in hydrodynamical or cascade models. We
used Teaney-L-S: P, ~ 0.4 ( Pket8 gets bosc ,~ 013 )

Connecting all factors together and going to the
maximum at N,/N*** = .2 one finds that the r.h.s.
of this expression can reach about 0.2. (We remind
that this is in units in which the statistical noise is
1.)

( This is much larger relative widening of the width
than e.g. is the case for e-by-e mean p; fluctuations,
measured long ago by NA49.)



Filamentation instability

Mréowcezynski -PRC 49, 1994, 2191
P

— When the momentum distribution¥is strongly
elongated in one direction, say along the z i.e. the
beam axis, the system has a tendency to split into
the filaments along z with the current flowing in
the opposite directions in the neighbouring fila-

ments. P
—
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— the color Lorentz force acts on the charges which
form the currents. It appears that the currents get
focused and the current magnitude grows. This is

the filamentation instabilitz.

—The breakdown of the azimuthal symmetry of the
system may happen evens for central collisions '

— the trajectories of charge particles are focused in
the centres of the filaments. Therefore, according
to the Liouville theorem/uncertainty relation the
distribution of the momentum in the direction per-
pendicular to the filaments, say along the z—axis,
has to expand to conserve the phase space volume.
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e —modelling

2 +y°
Y(z,y) ~ exp[ — — ] cos(kz + @) , (10)
Jiawcuiation
where R is the system transverse radius.

P(¢) ~ [e?FF 5 4 1] (11)

Such fluctuations do not scale with multiplicity as
éva ~ 1/v/N and should be looked at central colli-
sions. Can probably get gotl limits on filamenta-
tion or find it (?).




